Naphthoquinone, Flaviolin, Phoma wasabiae Yokogi Flaviolin was found in the blackish potato culture solution of Phoma wasabiae.
Phoma wasabiae is a disease mold in Eutrema wasabi Maximowicz afflicted with black leg disease (Sumi-iri-byö) 1 . Previously, the activities of mold's enzyme were studied, and it turned out that the mold had polyphenol oxidase and peroxidase activities 2 . Moreover, the process of color change of the potato culture solution was studied with the change of composition of medium 3 . In this report, the isolation of flaviolin, which was found in the process of color changing of the medium, is described.
Phoma wasabiae was inoculated in 400 ml of a potato culture solution containing glucose, and then incubated at 25 °C. The color of the culture solution changed gradually to reddish orange at the surface of the medium with growth of the mold. After 3 or 4 weeks, the color of the medium turned blackish. This culture medium was called a "blackish culture solution" by the present author 4 .
In order to separate polyhydroxyphenol from the blackish culture solution, lead acetate solution was added to precipitate some dark brown substances. The suspension of the dark brown substances is acidified with sulfuric acid, and then centrifuged. The supernatantliquid obtained by the centrifugation was extracted with ethyl acetate, and the solvent distilled under reduced pressure. The residue was purified by thin-layer chromatography on acidtreated silica gel using a mixed solvent of benzenmethanol. A broad orange band, which developed a reddish-violet color with ammonia and a blackish brown with ferric chloride solution, was found on From these facts, the red pigment was assumed to be 2,5,7-trihydroxy-l,4-naphthoquinone (flaviolin). The pigment was identified with flaviolin, which was synthesized according to the method of BYCROFT and ROBERTS 5 , by a direct comparison.
The relationship between the formation of the dark brown substances and the change of concentration of flaviolin in the blackish culture solution is now under investigation.
Experimental
The melting points were uncorrected, the IR spectra were taken with a Hitachi 215 grating infrared spectrophotometer, using KBr discs. Ultraviolet spectra measured on a Hitachi 124 spectrophotometer. NMR spectra were observed with a JEOL PS-100 100 Hz spectrometer in deuterochloroform using TMS as the internal standard. Mass spectra were measured with a Hitachi RMS-4 mass spectrometer. Thin-layer plates of silica gel were prepared using 0.5 N hydrochloric acid 6 .
Isolation of flaviolin-A potato extract containing 2% (w/v) of glucose was used as the culture medium. One-liter Elrenmyer flasks, each filled with 400 ml of medium, were sterilized (1 kg/cm 2 , 120° for 20 min.), inoculated with Phoma wasabiae, and kept at 25 ± 0.5 °C for 3 or 4 weeks. The blackish culture solution was filtered through 2 sheets of gauze and a 20% solution of lead acetate added at the ratio of 3 ml to 100 ml of the blackish culture solution. The suspension of precipitates was adjusted to pH 2.0 with 30% sulfuric acid and then centrifuged. The clear, reddish-orange supernatant-liquid was extracted 5 times with ethyl acetate of the same volume as the liquid. The ethyl acetate solution was dried with sodium sulfate, and concentrated with use of an evaporator under reduced pressure. The residue showed two yellow bands and a broad orange band in thin-layer chromatography using acidic silica gel and a mixed solvent of benzen-methanol (9:1). The orange band was dissolved with ethyl acetate. After the solvent was distilled under reduced pressure, the residue was crystallized with methanolwater as reddish needles; m.p. ca. 230 °C (decomp.). The yield of flaviolin was 1.0 ~ 1.9 mg per 400 ml of the culture solution.
The acetyl derivative was prepared by use of acetic anhydride with perchloric acid 5 The red pigment, its acetate and methyl ether were identified with synthetic flaviolin and its derivatives by infrared, NMR, and mass spectroscopy.
